In the present study, we assessed the risk factors for CHD using the 5-year follow-up data from the MEGA Study, 22 which had shown the efficacy of pravastatin for primary prevention of CHD in Japanese patients with mild- J 2008; 72: 1576 -1582 Background Several epidemiologic studies in Japan have shown the risk factors for coronary heart disease (CHD) in the general population. The present analysis determined the risk factors for CHD in the MEGA Study, a large primary prevention trial with pravastatin in Japanese with hypercholesterolemia.
n Europe and the USA, a large number of epidemiological studies, including the Framingham Heart Study, have been conducted to identify the risk factors for coronary heart disease (CHD). The major risk factors identified by these studies include high serum concentrations of total cholesterol (TC) 1 and low-density lipoprotein-cholesterol (LDL-C), 2 low serum concentrations of high-density lipoprotein-cholesterol (HDL-C), [3] [4] [5] high serum concentration of triglycerides (TG), 6, 7 male sex, 8 increasing age, 8 smoking habit, 9 hypertension (HT), 10 and diabetes mellitus (DM). 11 In addition to these, obesity 12 and family history 13 of CHD have also been reported as risk factors.
In Japan, major epidemiological studies have been conducted, including the study of the Research Committee on Primary Hyperlipidemia organized by the Ministry of Health and Welfare of Japan, the Hisayama Study, 14 the Okinawa Study, 15 and the NIPPON DATA study. 16 These epidemio-logical surveys have also identified increasing age, male sex, DM, smoking habit, HT, and hyperlipidemia as risk factors for CHD, which are similar to the major risk factors identified by the epidemiological studies conducted in Western countries. Among these risk factors, elevated serum cholesterol (hypercholesterolemia) is considered to be an established risk factor for CHD.
Many large-scale clinical studies of cholesterol-lowering therapies have been conducted, and several representative large-scale clinical studies have been published since the middle of the 1990s; these include the Scandinavian Simvastatin Survival Study, 17 the West of Scotland Coronary Prevention Study, 18 and the Air Force/Texas Coronary Atherosclerosis Prevention Study. 19 All of these studies have shown that lowering of elevated serum cholesterol concentrations in high-risk patients can result in a 30% or greater reduction of CHD incidence. These results are considered to strongly lend support to the epidemiological hypothesis that lowering serum cholesterol concentration is beneficial for health and improved outcomes.
Subsequently, data from these clinical studies were used to assess the risk factors for CHD and those associated with stroke in patients with hyperlipidemia using the baseline data in relation to the patient characteristics. 20, 21 The effects of the identified risk factors on the risk of ischemic arteriosclerotic diseases have also been reported. The findings were consistent with those reported from the epidemiological surveys. I to-moderate hyperlipidemia. We also analyzed the efficacy of pravastatin for primary prevention of CHD in relation to the presence of each of the identified risk factors and to the number of risk factor(s) present. We believe that the findings from such an analysis will be beneficial for planning strategies for the treatment of hyperlipidemia in low-risk patients having characteristics similar to the patients in the MEGA Study, 22 and that the benefit is not limited to Japanese patients.
Methods
The study design, characteristics of patients, and the major results of the MEGA Study have been reported previously. 22 In summary, 7,832 patients aged 40 to 70 years (2,476 men and 5,356 post-menopausal women) with mildto-moderate hyperlipidemia (serum TC 220 to 270 mg/dl) and no history of CHD or stroke were randomly assigned to the diet therapy group or the diet plus pravastatin treatment group (10 to 20 mg/day, approved dose in Japan), and were followed for 5.3 years on average (41,195 person-years follow-up). The results showed a 33% reduction in the primary endpoint of incidence of CHD in the diet plus pravastatin group, and also showed the long-term safety of pravastatin. The composite primary endpoint in this prospective, randomized, open-labeled, blinded endpoints design study was the first occurrence of CHD (fatal and non-fatal myocardial infarction, angina, cardiac death or sudden death, and revascularization procedure). The secondary endpoints included stroke, CHD plus cerebral infarction, all cardiovascular disease, and total mortality. Throughout the study period, the serum concentration of TC, HDL-C, LDL-C, TG, and lipoprotein (a) [Lp(a)] concentrations were centrally measured at the same laboratory using methods standardized by the US Centers for Disease Control and Prevention (Atlanta, GA, USA). The serum LDL-C concentration was estimated by the Friedewald equation. 23 The baseline cholesterol was the average of measurements taken on 2 or 3 occasions over 12 weeks for entry to the study, using a standardized procedure.
Analysis of Risk Factors
The risk factors for CHD were assessed using the full analysis set 60-month follow-up data from the MEGA Study. A univariable analysis was performed to determine the relevant risk factors (baseline characteristics) and the hazard ratio (HR), 95% confidence interval (CI), and pvalue were calculated using the Cox proportional hazard model. The evaluated baseline characteristics were sex, age, serum TC, HDL-C, LDL-C, non-HDL-C, TG, Lp(a), presence/absence of DM, fasting blood sugar, presence/absence of HT, past history/no past history of treatment of hyperlipidemia, body mass index (BMI), history/no history of smoking, and history/no history of drinking alcohol. The serum lipid concentration (TC, HDL-C, LDL-C) were the average value of 2 or 3 measurements taken during the 12 weeks before treatment. DM and HT were identified based on clinical diagnosis.
The factors found to be significant (p<0.01) were incorporated into the multivariable analysis. Both treatment groups were combined for the analysis. The results of a preparatory analysis of the distribution of the background factors showed that most of those factors exhibited a sex-biased distribution, and thus the present analysis was conducted considering sex as a factor. The HR and the 95% CI were calculated for the risk factors identified. Elimination of variables using the step-down procedure was performed using a cut-off of p<0.20. The serum lipid concentrations were analyzed in 2 combinations (TC, HDL-C and TG or LDL-C, HDL-C and TG). Further, interaction between the risk factors was assessed in the analysis, with all combinations of risk factors assessed, including quadratic interaction.
The relationship between the presence of multiple risk factors and incidence of CHD was assessed using the classification proposed in the Guideline for Diagnosis and Treatment of Hyperlipidemia in Japanese adults: 24 age (men >45 years, women >55 years), HT, DM or fasting plasma glucose >110 mg/dl, smoking habit, and low HDL-C (<40 mg/dl). Because the MEGA Study did not take into account a family history of coronary artery disease, we used the number of factor(s) excluding the family history of coronary artery disease. For patients with DM, the lower limit of the number of risk factors was set at 3, in accordance with the recommendation in the Guideline.
Evaluation of the Effect of Pravastatin
The effect of pravastatin on reducing the risk of CHD was evaluated taking into account the presence or absence of the identified risk factors, as well as the number of risk factor(s) present. HRs and 95% CIs were estimated by Cox proportional hazards model. The variation effects of pravastatin among subgroups in each risk factor were evaluated using the interaction in a Cox model.
Results

Risk Factors for CHD
On univariable analysis, DM, HT, serum concentrations of HDL-C, and smoking habit in men, and in women increasing age, low serum concentrations of HDL-C, DM, and HT were significant risk factors for CHD on univariable analysis (Table 1) .
On multivariable analysis, the risk factors identified using the step-down method (p<0.20) were in men increasing age (p=0.1243), lower serum HDL-C (p=0.0315), DM (p<0.0001), HT (p=0.0038), and smoking habit (p=0.0448), and in women were increasing age (p=0.0107), lower serum HDL-C (p=0.0589), DM (p<0.0001), HT (p=0.0093), and high BMI (p=0.1007). The common risk factors identified in both men and women were increasing age, low serum HDL-C, DM, and HT. Notably, higher serum TC and LDL-C were not identified as risk factors, even though they have conventionally been believed to be associated with a high risk of CHD. The effect of smoking could not be determined for women because of the limited number of women who smoked. However, smoking was identified as a strong risk factor in men. In addition, when interaction terms were included in the analysis, a strong interaction was observed between DM and HT (p=0.01). The results of an analysis taking these findings into account showed that male sex, increasing age, lower serum HDL-C, DM, HT, and smoking habit were the major risk factors for CHD ( Table 2) .
Effect of Multiple Risk Factors for CHD
After stratification into 5 groups by the number of risk factors as identified by the Guideline for Diagnosis and Treatment of Hyperlipidemia in Japanese adults, 24 factor (Table 3 ). Further analysis showed a 4.00-times higher risk in patients with ≥3 risk factors compared with patients with 1 or 2 risk factors, when the number of categories was reduced to 3. No difference in risk was observed between men and women. However, because of the limited number of women with ≥4 risk factors, the interpretation of those results is limited.
Effect of Pravastatin
Mean TC was reduced by 2.1% (from 6.27 mmol/L to 6.13mmol/L) and 11.5% (from 6.27mmol/L to 5.55mmol/L) and mean LDL-C by 3.2% (from 4.05 mmol/L to 3.90mmol/L) and 18.0% (from 4.05mmol/L to 3.31mmol/L) in the diet and the diet plus pravastatin groups, respectively. The efficacy of diet plus pravastatin treatment to reduce CHD was assessed in relation to each identified risk factor, that is, male sex, increasing age, lower serum HDL-C, DM, HT, and smoking habit. Diet plus pravastatin treatment reduced CHD risk by 14 to 30%, regardless of the type of risk factor. No interaction was found between the presence or absence of each risk factor (Fig 1) .
Discussion
This risk factor analysis of the MEGA Study assessed sex, age, presence or absence of DM, presence or absence of HT, history or no history of smoking, history or no history of drinking alcohol, serum concentrations of TC, LDL-C, HDL-C, and TG, and history or no history of treatment for hyperlipidemia. The risk factors for CHD were identified as male sex, increasing age, low serum HDL-C, DM, HT, and smoking habit.
Univariable analysis identified drinking alcohol, TG, and HDL-C as significant risk factors for CHD. However, on multivariable analysis, only HDL-C was a significant risk factor for CHD; drinking was not a risk factor after adjusting for sex. The tight correlation between HDL-C and TG might contribute to HDL-C being the stronger and significant risk factor on multivariable analysis.
The risk factors that were identified in the present analysis were similar to those from epidemiological surveys and large-scale clinical studies conducted previously in Japan as well as in other countries. 14, [16] [17] [18] Assessing these risk factors in further detail, some differences were observed between men and women for the effect of the CHD risk factors. The incidence of CHD was higher in men and women over 55 years old compared with those who were younger. However, this finding was more pronounced in women than in men, in line with the results from a previously published study. 25 This is likely because of the post-menopause loss of the protective effect of estrogen, an effect that contributes to a lower incidence of CHD. An epidemiological study showed that the incidence of CHD in women begins to rise sharply beginning at ages 55 to 60 years, ie, at the onset of menopause, and reported that the pattern of the age-related increase of CHD in women tends to lag about 10 years behind that in men. [26] [27] [28] Additionally, the effect of DM was stronger for women than men, although it was a strong risk factor for CHD for both men and women. Similar results were reported from risk factor analysis in an observational study (J-LIT) conducted in Japan using simvastatin. 29 Some cohort studies have suggested that the effect of DM on the risk of ischemic heart disease is greater in women than in men. 30, 31 Given that women have a poorer prognosis than men once myocardial infarction has occurred, despite the lower incidence of ischemic heart disease in women, 32 the control of DM is especially important for primary prevention of CHD in elderly women. An exploratory analysis about the effect of pravastatin in women in the MEGA Study was recently published in Circulation. 33 The incidence of cardiovascular events was 26% to 37% lower in the diet plus pravastatin treatment group than in the diet alone group. These differences did not reach statistical significance, yet the overall risk reductions were similar to those in men. In women, the risk of events such as CHD rose with age and tended to rise particularly markedly. Notably, women ≥60 years of age treated with diet plus pravastatin had markedly higher risk reductions for cardiovascular events (45% to 64%) than did women treated with diet alone. These results in women in the MEGA Study confirm previously reported results from other studies, and highlight the importance of risk factor management for CHD in women, especially woman ≥60 years of age.
Interestingly, elevated serum concentrations of TC and LDL-C, which are generally recognized as risk factors for CHD, were not identified as risk factors in the present analysis. There might be several reasons for this difference. The present analysis was including the treatment group, then additional analysis performed in the diet-only group to clarify the relationship between TC, LDL-C, and CHD risk. The risk factors identified in this additional analysis were similar to those in the total population, except for smoking, and no association was observed between TC concentration, LDL-C, and CHD. However, comparing the patients with an LDL-C concentration above or below 160 mg/dl in the diet-only treatment group, LDL-C seemed to be associated with an increased incidence of CHD in men (HR 1.39, p= 0.265) and women (HR 1.94, p=0.052). Therefore, a further study with a sufficiently-sized population is needed to determine the true relationship between LDL-C, TC, and CHD risk. Moreover, we performed an additional analysis of risk factors including on-treatment (mean level during the treatment period) TC or low-density lipoprotein (LDL). The multivariable analysis identified on-treatment TC and LDL as risk factors, satisfying a cut-off of p<0.20 (on-treatment TC, p=0.074; on-treatment LDL, p=0.068), in addition to the baseline risk factors. Then, the HRs of baseline risk factors are almost equivalent to the results without on-treatment TC and LDL. Moreover, the preventive effect of pravastatin treatment remained after adjusting for on-treatment TC or LDL (pravastatin treatment: HR=0.83 (95%CI, 0.57, 1.20) with on-treatment TC; HR=0.78 (95%CI, 0.52, 1.19) with on-treatment LDL). This indicates that pravastatin treatment has a preventive effect separate from its lipid lowering ability. It is very difficult to evaluate the pleiotropic effects of pravastatin quantitatively and to eliminate it. Therefore, the present analysis used the baseline lipid values.
In addition, in the MEGA Study, the entry criterion for serum TC was 220 to 270 mg/dl, which might be too narrow a range for a reasonable comparison. Risk factor analysis at baseline in the West of Scotland Coronary Prevention Study (WOSCOPS) of the effects of pravastatin on primary prevention conducted in Scotland, 18 also showed that serum concentrations of TC and LDL-C were not risk factors. In WOSCOPS, the reason was attributed to the strict inclusion criterion for serum TC concentration. 34 The entry criterion was even lower in the MEGA Study 22 than in the WOSCOPS. 18 Further, there might have been some patients with a high concentration of LDL-C classified as having a low concentration of LDL-C, as concentrations were determined using the Friedewald equation, which becomes less reliable in persons with high TG concentrations.
Because of the narrow range of the TC concentrations in the MEGA Study and the inclusion of the treatment group in the analysis, it is possible that a different result might be obtained in a larger population than that included in the MEGA Study.
In the present analysis, the strongest risk factors for CHD were diabetes, HT, and diabetes plus HT. A significant interaction was observed between DM and HT, and the presence of both increased the risk of CHD additively. Therefore, it appears that CHD risk in the presence of multiple risk factors can be reasonably estimated by multiplying or adding the HRs for the individual factors. No interactions were shown among the other risk factors.
As a method to estimate the effects of multiple risk factors, we stratified the population in the present study according to the risk classification in the Guideline for Diagnosis and Treatment of Hyperlipidemia in Japanese adults, 24 established based on the results of epidemiological studies, and compared the HRs for each stratification. However, because the classifications in the Guideline are somewhat broad, there might be some question about the appropriateness of using a classification that assigns a similar degree of risk to each risk factor, except for DM, which is assigned a higher degree of risk, based on the data from our present analysis.
Conclusion
In conclusion, in the present analysis, we assessed the efficacy of pravastatin for the primary prevention of CHD in relation to the presence of the identified risk factors for CHD, that is, male sex, increasing age, low serum HDL-C, DM, HT, and smoking habit. Pravastatin is equally effective regardless of the presence of these factors or the presence of multiple risk factors. Further, no significant difference in efficacy between the men and women was found (data not shown), confirming the benefit of pravastatin treatment in men and women.
Elevated TC and LDL-C, generally considered as risk factors for CHD, were not identified as risk factors in the present analysis. Also, as reported previously from the main results of the MEGA Study, no interaction was observed between the effects of pravastatin and LDL-C (>155 mg/dl or <155 mg/dl) on the reduction of CHD incidence. 22 In WOSCOPS, too, no significant difference in the effect of pravastatin in decreasing the relative risk of CHD was shown between the 2 groups stratified by LDL-C concentration above or below 5 mmol/L (193 mg/dl). 34 Taken together, the results from the present analysis and others show that pravastatin is consistently effective in reducing the risk of CHD, regardless of the serum LDL-C concentration.
